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PREFACB 

This  Memorandum  describes  some  results  of  research  concerned  with 
the  preparation  of  management  reports  from  sample  data.  It  contains 
tables  of  saniple  sizes  that  should  facilitate  estimating  mean  and  ag¬ 
gregate  values  of  certain  quantities.  To  mention  a  few  examples, 
these  tables  can  be  used  to  estimate  the  value  of  inventory  stored  in 
a  particular  location,  estimate  the  value  of  obsolete  inventory,  esti¬ 
mate  dollar  value  and  reliability  of  an  account  or  accounting  statement 
by  examination  of  bona  fide  transaction  documents,  and  verify  the  led¬ 
ger  value  of  an  inventorj'  account. 

Coii5)lete  tables  are  not  reproduced  within  this  Memorandum  because 
of  the  large  number  of  pages  involved.  If  it  seems  desirable  later 
on,  we  may  publish  additional  parts  that  appear  to  have  a  broad  appli¬ 
cation.  These  tables  are  limited  in  their  use  by  (l)  statistical  con¬ 
siderations  relative  to  underlying  assumptions  about  the  shape  of  the 
parent  population  (i.e.,  normally  distributed)  and  (2)  the  type  of 
sanpllng  application  (i.e.,  estimating  the  mean  or  aggregate  unit  or 
dollar  values  of  a  specified  population). 

This  study  will  be  of  particular  interest  to  the  Auditor  General, 
USAF  and  to  other  Air  Force  personnel  concerned  with  the  application 
of  san5>ling  techniques. 

The  author  is  a  consultant  to  The  RAMD  Corporation  and  is  an 
Assistant  Professor  at  the  Harvard  Graduate  School  of  Business  Admini¬ 
stration.  The  suggestions  and  help  of  Max  Astrachan  and  Murray  Geisler, 
both  of  The  RAND  Corporation,  are  gratefully  acknowledged. 
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SUMMARY 

This  Memorandum  presents  examples  of  l6  tables  of  random  sample 
sizes  necessary  to  estimate  mean  and  aggregate  values.  The  tables 
provide  a  readLily  useful  tool  for  determining  an  appropriate  sample 
size  once  the  person  designing  the  plan  makes  certain  quantitative 
statements . 

The  tables  were  developed  as  an  sdd  in  using  sampling  methods  to 
estimate  such  financial  characteristics  of  a  total  inventory  as  its 
aggregate  dollar  value  or  average  value  per  line  item  stored.  The 
computed  tables  permit  the  estimator  to  select  the  amount  of  precision 
and  confidence  desired  in  the  estimate  of  total  population  charac¬ 
teristics. 

Suppose,  for  example,  we  desire  to  estimate  the  value  of  an  in¬ 
ventory  c  ontsdning  5000  line  items,  and  the  precision  desired  is  to 
be  within  5  per  cent  of  the  true  value,  with  95  per  cent  confidence. 

If  the  coefficient  of  variation  is  roughly  0.5,  then  the  SaJi^le  size, 
according  to  the  tables  (e.g..  Table  6)  in  this  Memorandum,  vrould  be 
357  line  items  or  about  7  percent  of  the  items  in  the  inventory.  As 
might  be  e3q>ected,  the  sample  size  would  vary  considerably  according  to 
the  confidence  sought.  For  the  same  inventory,  if  a  precision  of  5 
per  cent  with  90  per  cent  confidence  were  desirea,  the  sample  size 
would  fall  to  257#  and.  for  a  99-9  per  cent  confidence  with  the  same 
precision  it  would,  increase  to  89I. 

Scxne  advantages  of  the  tables  are: 

(1)  A  person  does  not  have  to  be  trained  in  statistics 
to  iiqplement  an  estimation  saogpllng  program  of  this 
type. 
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(2)  Clerical  errors  and  uncertainties  in  conputing 
sample  sizes  are  reduced. 

(3)  The  comparative  sample  sizes  (and  hence,  cost)  for 
several  different  sampling  plans  can  be  compared. 

In  addition  to  the  tables,  a  short  discussion  of  the  general 
method  of  estimation  sas^llng  in  this  area  is  Included. 
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I.  INTRC3DUCTI0N 


Since  World  War  II,  considerable  progress  in  sampling  theory  and 
methodology  has  taken  place.  The  successful  use  of  acceptance  sam¬ 
pling  in  statistical  quality  control  encouraged  individuals  in  other 
professions  to  consider  applying  statistical  sampling  to  their  cwn 
occupations.  Frequently  they  found  that  transferring  knowledge  from 
one  field  to  another  was  not  as  simple  as  it  first  appeared.  In  other 
applications,  many  sampling  problems  arose  which  simply  did  not  fit 
into  the  decision  framework  of  traditional  industrial  quality  control. 

For  exarple,  the  accounting  profession  applied  sampling  tech¬ 
niques  in  editing  data,  controlling  the  quality  of  clerical  activities, 
performing  tests  of  transaction  docviments  to  estimate  error  rates, 
estimating  inventory  values,  aging  accoimts,  etc.  To  perform  these 
tasks,  new  techniques  had  to  be  developed.  Despite  the  availability 
of  new  methodology,  successful  applications  have  not  been  extensive. 

This  is  the  case  principally  because  few  non- statisticians  have 
the  training  or  the  Inclination  to  use  unfamiliar  emd  sometimes  cum¬ 
bersome  statistical  methods,  while  the  statisticians  have  often  been 
preoccupied  with  theoretical  considerations.  Even  when  the  two  parties 
occasionally  get  together,  they  find  that  lay  and  statistical  jargon 
do  not  facilitate  communication.  An  excellent  example  of  this  is  the 
concept  of  confidence,*  which  to  the  statistician  has  a  special  and 
restricted  definition  that  probably  fits  only  a  small  category  of  the 
lay  uses  of  that  term. 

*For  a  description  of  the  differences  in  meaning  associated  with 
comnon  tenns  see  Nehemiah  Jordan,  Decision  Making  Under  Ikicertainty  and 
Problem  Solving;  A  Gestalt  Theoretical  Viewpoint,  The  RAND  Corpora- 
tico,  P-2156,  ^ceniber  1,  i960.  Section  II. 


This  interdisciplinary  comniunication  problem  is  amplified  by  the 
impatience  of  both  parties  in  learning  the  other's  vocabulary  and  con¬ 
ceptual  framework.  To  bridge  this  gap  and  to  provide  tools  which  can 
be  readily  used  in  applications  of  sampling  methods,  there  have  been 
many  recent  sampling  tables  published.*  These  tables  provide  the  lay¬ 
man  a  means  of  implementing  probability  sampling  techniques  without 
forcing  him  to  become  conversant  with  the  complexities  of  statistical 
compTxtatlons. 

It  is  easy  to  become  impatient  with  laymen  who  desire  to  use 
statistical  methods,  yet  do  not  wish  to  understand  the  finer  points 
of  the  underlying  mathematics.  However,  this  bitter  pill  must  be 
swallowed.  One  does  not  need  to  know  how  to  dismantle  a  dual  carbu¬ 
retor  in  order  to  drive  a  modem  automobile;  similarly,  the  argument 
goes  that  it  is  not  necessary  to  understand  the  refinements  of  sta¬ 
tistical  mathematics  in  order  to  use  properly  constructed  sampling 
tables.  The  successful  use  of  acceptance  sampling  tables  such  as  the 
MIL-STD  Series  and  the  Dodge-Rcmig  tables  lends  credence  to  this  ar¬ 
gument. 

The  tables  illustrated  in  this  study  are  the  first  extensive 
set  prepared  for  use  in  estimating  mean  and  aggregate  values. 

*See  Auditor  General  USAF,  Tables  of  Probabilities  for  Use  in 
Stop-or-Qo  Sampling.  Government  Printing  Office,  1962;  R.  Gene  Brown 
and  Lawrence  L.  Vance,  Sampling  Tables  for  Estimating  Error  Rates  or 
Other  Proportions.  Bureau  of  Business  and  Economic  Research,  Univer¬ 
sity  of  California,  I96I;  and  ftoray  A.  Geisler,  The  Sizes  of  Simula¬ 
tion  Samples  Required  to  Compute  Certain  Inventory  Characteristics 
with  Stated  Precision  and  Co^ldence.  The  RAMP  CCTnooratlon.  RM-5242-PR. 
Sigust7T!952r 
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II.  ESTIMATION  SAMPLING 

The  objective  of  estimation  sampling  is  to  make  certain  quanti¬ 
tative  inferences  about  the  characteristics  of  the  universe*  under 
study.  It  is  possible  to  estimate  proportion  (rate)  of  error  or 
mean  and  aggregate  values.  For  example,  an  inventory  of  warehouse 
Itens  could  be  taken  vising  estimation  sampling  techniques.  From  the 
sample  results,  a  quantitative  estimate  of  the  inventory's  total  dol¬ 
lar  value  could  be  made. 

In  a  particular  case  of  this  type,  if  the  estimation  sample  size 
derived  were  357>  then  that  nvmiber  of  Inventory  line  items  would  be 
selected  at  random  and  their  mean  dollar  value  computed.  This  value 
would  then  be  converted  to  the  universe  value  by  a  proportion  or  ratio 
ceJ-culation.  For  example,  if  the  total  inventory  vedue  were  desired, 
this  mean  value  would  be  multiplied  by  5000  if  that  was  the  number  of 
line  items  in  the  universe. 

In  order  to  determine  eui  appropriate  sample  size  to  perform 
tests  like  this,  certain  quantitative  statements  must  be  made;  (l)  the 
universe  must  be  defined  and  delineated;  (2),  (3)  the  confidence  and 
the  precision  desired  in  the  estimate  must  be  stated;  and  (4)  the 
variability  in  the  universe  must  be  estimated.  Since  the  universe 
is  the  mass  from  which  the  sample  is  to  be  selected,  two  of  its  char- 
acterlstlcs  should  be  determined  in  the  early  stages  of  the  saoqpllng 
process.  These  are  the  homogeneity  and  the  size  of  the  mass. 

*rhe  universe  is  the  mass  of  population  whose  characteristics 
are  unknown,  and  therefore  must  be  estimated  throu^  san^ling. 
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The  universe  should  he  reasonably  uniform  throughout,  both  for 
content  and  processing  (i.e.,  administrative  review  and  recording 
flow).  In  the  case  study  outlined  in  another  paper,*  this  was  ex¬ 
tremely  difficult  to  determine. 

Items  belonging  to  different  classes  or  those  having  materially 
different  characteristics  must  be  segregated  for  special  study.  An 
example  of  this  might  be  segregation  and  identification  of  non- 
serviceable  items  from  the  remaining  inventory. 

The  universe  definition  includes  the  determination  of  its  size, 
which  can  be  found  in  various  ways.  For  example,  internal  information 
is  often  available  (item  count,  item  serial  number,  and  so  on)  which 
would  give  a  reasonable  estimate  of  the  total  universe  number.  If  no 
such  information  is  accessible,  am  estimate  on  -the  high  side  should 
be  made.  If  the  mass  is  not  readily  divisible  into  groups,  as  in  the 
case  of  a  flow  of  input  transactions  from  a  key  punch  operation  or 
transceiver  network,  or  if  the  universe  is  quite  large,  it  is  reason¬ 
able  to  assume  the  universe  to  be  of  infinite  size.  Such  an  assump¬ 
tion  should  not  have  any  major  effect  on  the  results  obtained  with 
the  sampling  plan.  In  fact,  it  would  be  possible  to  assume  an  infinite 
universe  size  in  all  cases,  but  for  smaller  groups  this  is  inefficient. 
Reference  to  the  sampling  tables  Included  here  will  clarify  this  re¬ 
lationship. 

Better  information  can  often  be  obtained  by  separating  the 
material  under  examination  into  two  or  more  homogeneous  groups.  Esti¬ 
mates  of  each  group's  characteristics  can  be  made  on  the  basis  of 

*R.  Gene  Brown,  Inductive  Accounting,  The  RASD  Corporation, 

P-a671,  September,  1962. 
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separate  samples,  and  then  combined  for  over-all  emalysls.  This  is 
the  procedure  of  stratification  which  usually  must  be  done  when  the 
universe  has  heterogeneous  elements  that  can  be  subdivided  into  more 
h(Mnogeneous  groups.  The  decision  to  stratify  is  often  based  on  the 
infoimation  developed  either  from  pre-planned  tests,  or  Immediately 
following  the  selection  of  the  Initial  sample  units  when  It  becomes 
apparent  that  more  than  one  group  exists.  Whether  or  not  it  is  de¬ 
sirable  to  stratify  the  mass,  the  basic  problems  relative  to  definition 
and  delineation  of  the  universe  remain  those  of  determining  homogeneity 
and  size. 

The  estimator  usually  selects  both  precision  and  confidence  levels 
Judgmentally.  Precision  specifies  the  maximum  desired  difference  be¬ 
tween  the  sas^le  estimate  and  the  true,  but  iinknown,  universe  mean 
value.*  Confidence  level  measures  the  assurance  desired  that  the 
Interval  calculated  from  the  specified  precision  and  the  SEUnqple  esti¬ 
mate  will  contain  the  actual  universe  mean  value.  For  example,  plus 
and  minus  $^00  might  be  specified  as  the  desired  precision  for  estimat¬ 
ing  an  Inventory's  mean  value;  95  pez*  cent  might  be  the  confidence 
"level".  If  the  resulting  sample  size  were  1,000,  It  would  be 
expected  that  95  per  cent  of  a  very  large  number  of  samples  of  size 
1,000  drawn  from  this  universe  would  provide  an  unbiased  estimate  of 
the  true  mean  value  within  $900.  Then  It  Is  reasonable  to  state  that 
if,  from  a  given  sample,  the  estimated  mean  value  of  the  universe  were 
$19,000,  the  sanple  would  provide  95  per  cent  confidence  that  the  true 
universe  mean  value  is  included  in  the  interval  from  $14,900  to  $19,900. 

*If  the  precision  is  specified  for  the  aggregate  inventory,  the 
precision  desired  for  the  mean  value  Is  obtained  by  dividing  the  former 
value  by  the  number  of  items  In  the  universe. 
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For  the  majority  of  the  samples  possible  from  this  universe,  the 

1 

sample  mean  estimate  will  actually  be  much  closer  to  the  true  value 
than  $500.  This  is  true  because  estimates  of  mean  or  aggregate  values 
from  a  series  of  san^iles  drawn  from  one  ’universe  will  tend  to  be  dis¬ 
tributed  normally  about  the  actual  unknown  value,  so  that  there  is 
more  sample  clustering  in  the  middle  of  the  precision  range  than  at' 

Its  ends. 

The  degree  of  variability  existing  among  the  individual  ved-ues 
within  the  universe  is  the  final  quantitative  determination  required. 
Variability  is  usually  expressed  in  terms  of  the  standard  deviation. 

For  the  sampling  tatjles  in  this  Memorandum,  we  have  to  use  the  so- 
called  coefficient  of  variation,  which  is  the  universe  mean  divided 
by  the  universe  standard  deviation.  Since  both  the  mean  and  the  stan¬ 
dard  deviation  €ire  usually  unknown,  we  have  to  estimate  them.  A  pro¬ 
cedure  for  doing  this  follows.* 

We  select  randomly  from  the  universe  a  pilot  sample  of  about  30 
to  50  line  items,  and  compute  its  mean  and  standard  deviation.  With 
these  data,  we  can  then  estimate  the  coefficient  of  variation. 

If  the  pilot  mean  is  $138.46  and  the  pilot  standeurd  deviation  is  $2^.30, 
the  coefficient  of  variation  to  be  used  is  25.50/138.46  =  0.2. 

In  using  the  sanqple  size  tables,  it  will  also  be  necessary  to 
convert  the  absolute  precision  desired  to  relative  terms.  To  do  this 
we  take  the  precision  desired  for  the  estimate  of  the  mean  value  and 
divide  it  by  the  pilot  sample  mean.  Thus,  if  the  absolute  precision 

^uch  of  the  statistical  development  contained  here  has  been 
drawn  from  L.  L.  Vance  and  J.  Neter,  Statistical  Sampling  for  Auditors 
and  Accountsints ,  John  Wiley  and  Sons,  Inc.,  New  York,  1976* 


desired  Is  $10.00,  and  the  pilot  mean  value  is  $138.46,  then  the 
relative  precision  is  10.00/138.46  =  0.07  or  +7  per  cent. 

Once  we  draw  the  pilot  sample  and  make  the  required  calculations, 
we  have  the  data  necessary  to  use  the  tables  in  the  Appendix.  To 
recapitulate,  we  have  to  know:  (l)  the  universe  size,  (2)  the  abso¬ 
lute  precision  desired  in  estimating  the  universe  mean,  (3)  the  con¬ 
fidence  desired  in  the  estimate,  (4)  the  pilot  sample  mean,  (5)  the 
pilot  sample  standard  deviation.  With  these  data,  we  can  use  the 
procedure  illustrated  in  Sec.  IH  for  obtaining  the  required  sample 


size  from  the  tables. 
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III.  USING  THE  TABLES 

For  purposes  of  illustration,  assume  that  we  want  to  estimate 
the  total  dollar  value  of  the  ending  inventory  for  a  given  accounting 
period.  This  estimate  will  be  used  as  a  check  on  the  reliability  of 
the  value  shown  In  the  general  ledger. 

We  took  a  small  pilot  saa^ile  to  provide  quantitative  data  con¬ 
cerning  the  universe  characteristics.  Following  this,  ve  made  decisions 
concerning  the  other  parameters  required  to  select  the  sampling  plan. 
Suppose  the  following  data  were  then  available: 


Universe  size  .  k,Q^ 

Pilot  sample  estimate  of  mean  . .  ^  430.19 

Pilot  estimate  sample  of  standaird 

deviation  .  $  212.6^ 

Confidence  level  desired .  955^ 

Absolute  precision  desired  in  esti¬ 
mating  true  mean  . . .  $  20.00 


With  the  above  information,  a  sanple  size  can  then  be  computed  or  can 
be  obtained  from  tables  like  the  ones  in  this  Memorandum.  In  order  to 
use  the  tables,  the  data  must  be  arranged  to  correspond  to  the  values 
required  to  enter  the  tables.  This  results  in  the  following:  ^ 


Universe  size  (rounded  up)  .  5,000 

Confidence  level  .  95^ 

Relative  precision  ($20/$430.19)  .  +5^  (rounded  up) 

Coefficient  of  variation 

($212.65/$430.19)  . . .  0.5  (rounded  up) 


Referring  to  Table  6  in  the  Appendix,  we  find  that  a  sanqple  of  3^7  Udo 
items  selected  at  random  from  the  4,896  item  universe  would  satisfy 
this  saiqpling  plan. 


-9- 


It  is  interesting  to  note  hov  the  san^le  size  vould  cbange  vhen 
different  levels  of  confidence  and  precision  are  specified  for  the 
same  universe  size  and  coefficient  of  variation.  Referring  again  to 
the  tables,  a  vmi verse  of  5000  items  and  a  0,5  coefficient  of  variai- 
tion  yields  the  following  san^le  sizes  for  the  confidence  levels  and 
I>recl8lon  stated: 


Table  1 

EFraCT  OF  VARYIHG  PRECISION  AMD  CONFIDENCE  lEVEL 
ON  SAMPIE  SIZE 


Precision 
(+  &  -) 

Confidence 
Level  {<f>) 

Appendix 

Table 

Sample 

Size 

0.050 

90.0 

2 

257 

0.050 

95.0 

6 

357 

0.050 

99.0 

10 

586 

0.050 

99.9 

14 

891 

0.010 

95.0 

6 

3,289 

0.020 

95.0 

6 

1,625 

o.o4o 

95.0 

6 

536 

0.100 

95.0 

6 

95 

Thus,  cGsrparatlve  costs  of  different  sampling  plans  can  also  be  easily 
approximated  by  perusal  of  the  tables. 

Our  557  sample  size  example  Indicates  the  number  of  Inventory 
items  ^rtilch  have  to  be  lundcmly  selected  and  whose  mean  value  has  to  be 
determined  in  order  to  estimate  the  aggregate  universe  value  with  de¬ 
sired  precision  and  confidence.  Suppose  the  mean  value  of  the  dollar 
amounts  of  the  557  items  is  $420.82.  Multiplying  this  value  by  4,896 
yields  an  estimated  total  Inventory  value  of  $2,06O,554.  Cooqpare  this 
to  the  ending  Inventory  value  recorded  In  the  general  ledger  (e.g. , 
$2,142,4i8).  Since  the  difference  Is  less  than  4^,  the  accounting 
records  could  reasonably  be  accepted  eus  representing  fairly  the  actual 
value  of  the  physical  stock  on  hand. 
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•  If  there  were  serious  disagreement  hetveen  the  sample  estimate  and 
the  general  ledger,  several  courses  of  action  might  follow,  the  most 
likely  one  being  that  a  100  per  cent  physlceO.  Inventory  would  be  taken. 
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IV.  STATISTICAL  CONSIDERATIONS 


As  Indicated  previoijsly,  the  statistical  basis  for  the  sampling 
approach  taken  here  is  given  in  Vance  and  Neter.*-  Ve  vill  trawie 
through  the  derivation  of  the  main  formulae  used  in  calculating  the 
Appendix  tables.  Their  resiilts  depend  upon  the  underlying  statistical 
assumption  that  the  characteristic  measured  is  normally  distributed. 
Although  this  requirement  is  probably  not  satisfied  in  all  cases,  the 
fact  that  our  interest  usiaally  lies  in  measuring  the  mean  value  of 
some  characteristic  suiggests  that,  by  the  Centred  Limit  Theorem,** 
the  normality  condition  vill  be  reasonably  veil  satisfied  for  pur¬ 
poses  of  this  application. 

We  make  use  of  the  folloving  notation: 

N  =  population  size; 

n  =  sample  size; 

a  =  universe  standard  deviation; 

s  =  saoiple  estimate  of  universe  standard  deviation; 

p  =  universe  mean; 

=  characteristic  of  1-th  (dollar  value,  number 

of  units,  etc. ); 

X  =  sample  estimate  of  population  mean; 

V  =  coefficient  of  variation; 

d  =  absolute  precision  desired  in  estimating  tzue 
mean; 

a  =  relative  precision  desired;  and 

t  =  normal  deviate  corresponding  to  desired  confi¬ 
dence  level  (thus,  t^  =  I.96  for  confidence 
level  of  95  percent). 


*Ibld. .  particularly  Chapter  10. 

**Wllllam  Feller,  An  Introduction  to  Probstblllty  Theory  and  If 
Application.  John  Wiley  &  Sons,  Inc.,  1959 1  Chapter  10. 
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Tbp  ftandlard  deviation  of  any  populutlon  distribution  can  be  defined  as 


Since  the  true  standard  deviation  of  the  universe  is  not  Imown,  it  is 
usually  estimated  on  the  basis  of  a  pilot  sample  of  from  ^0  to  ^0 
items.  The  pilot  sanqple  estimate  of  the  population  standard  deviation 
is  obtained  from 


vhere  s^  =  standard  deviation  of  tte  pilot  sample,  =  mean  of  the 
pilot  saiQple,  and  n^  =  pilot  sample  size.  Cncc  s^  is  obtedned,  the 
standard  deviation  of  the  distribution  of  the  sample  mean  for  sample 
of  size  n  can  be  estimated  from  the  following  formula;* 


Solving  the  formula  above  for  n  gives 


♦Vance  and  Meter,  op  cit,  p.  193 
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Or,  since  N  Is  large  and  the  absolute  precision  desired,  d,  can  be  set 
equal  to  for  confidence  level  a, 


(1) 


n  = 


(_d)  +  !e 


The  formiala  can  also  be  stated  In  relative  terms,  using  the  coefficient 
of  variation.  From  above,  we  have: 


n  = 


+  !2 

"a 


1 

P 


x2 


^  .  1.  (^)2  +  1 


-2  't 
P  P 


2.1 

X  vt„  N 


p  a 


N 


since  V  s 


s 

p 


(— ) 
^vt  ' 

a 


+  1 


where 


a  = 


d 

T 

p 


Finally,  to  facilitate  con^tation,  we  can  Invert  the  fomula  to  obtain: 


(2)  1  _  /_a_x^  +  1 

n  “  ^vt^^  N  ' 

a 

We  have  used  (l)  and  (2)  to  compute  the  sample  sizes  with  the  data 
presented  earlier  in  this  Memorandum.  These  data  were: 


Universe  size  . . . .  4,896 

Pilot  sample  estimate  of  mean .  $430 

Pilot  sample  estimate  of 

standard  deviation .  $  213 

Confidence  desired .  93  per  cent 

Absolute  precision  desired .  $20 


From  this  information,  we  find  that  a  =  O.O5,  v  =  0.5,  and  t^  =  I.96. 
Substituting  these  values^  in  (l)  gives  n  =  ^69,  and  in  (2)  gives  375» 
From  Table  6,  n  =  ^67,  Ihe  differences  are  due  to  rounding  errors. 


V.  BREADTH  OF  THE  TABLES 


The  tables  illustrated  in  this  Research  Memorandum  are  extracts 
of  complete  ones  whicii  were  programmed  and  run  in  the  Data  Services 
Division  at  Norton  Air  Force  Base.  The  tables  reproduced  herein  are  in¬ 
complete  as  to  all  values  computed  and  were  selected  merely  to  illus¬ 
trate  the  ranges  of  some  of  the  computations . 

The  actual  range  of  values  in  the  complete  tables  is  as  fallows: 


Table  2 

RANGE  OF  VALUES  FOR  CCMPUTED  SAMPLE  SIZE  TABLES 


Confidence 

Level 

Coefficient 
of  Variation 

Universe  Size 

Relative 

Precision 

80.0^ 

0.001 

0.450 

25 

1,500 

0.005 

90.0^ 

0.002 

0.500 

50 

1,750 

0.010 

95. 05^ 

0.003 

0.600 

75 

2,000 

0.015 

99.056 

0.004 

0.700 

100 

2,250 

0.020 

99.956 

0.005 

0.800 

150 

2,500 

0.025 

0.006 

0.900 

200 

3,000 

0.030 

0.007 

1.000 

250 

3,500 

0.035 

0.008 

1.100 

300 

4,000 

o.o4o 

0.009 

1.200 

350 

4,500 

0.045 

0.010 

1.300 

400 

5,000 

0.050 

0.020 

1.400 

450 

6,000 

0.060 

0.030 

1.500 

500 

7,000 

0.070 

o.o4o 

1.600 

550 

8,000 

0.080 

0.050 

1.800 

600 

9,000 

0.090 

0.060 

2.000 

650 

10,000 

0.100 

0.070 

2.500 

700 

15,000 

0.150 

0.080 

3.000 

750 

20,000 

0.200 

0.090 

3.500 

800 

25,000 

0.250 

0.100 

4.000 

850 

30,000 

0.150 

4.500 

900 

35,000 

0.200 

5.000 

1,000 

40,000 

0.250 

6.000 

1,100 

50,000 

0.300 

8.000 

1,200 

100,000 

0.350 

10.000 

1,300 

Infinite 

0.400 

20.000 

1,400 

APPENDIX 
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Table  1 

RAHDCM  SAMPLE  SIZES  HECSSSAHT  TO  ESTTIMATE  MEAK  AND  AGGREQATE  VALUES: 
COEFriClERT  CF  VARIATION:  0.1  ;  COHFIDEHCE  UtVEL:  90.0f, 


Relative  Preclalon 


Universe 

Site 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0.250 

25 

25 

23 

19 

11 

8 

3 

2 

1 

50 

48 

43 

29 

9 

3 

2 

1 

100 

92 

74 

41 

10 

3 

2 

1 

250 

204 

130 

54 

27 

■1 

u 

3 

2 

1 

500 

342 

176 

60 

29 

17 

11 

3 

2 

1 

750 

443 

199 

63 

29 

17 

11 

3 

2 

1 

1,000 

520 

213 

64 

30 

17 

11 

3 

2 

1 

2,000 

703 

239 

66 

30 

17 

11 

3 

2 

1 

3,000 

796 

249 

67 

30 

17 

11 

3 

2 

1 

4,000 

852 

254 

67 

30 

17 

11 

3 

2 

1 

5,000 

890 

257 

67 

30 

17 

11 

3 

2 

1 

10,000 

977 

264 

68 

30 

17 

11 

3 

2 

1 

25,000 

1,038 

268 

66 

31 

17 

11 

3 

2 

1 

50,000 

1,060 

270 

68 

31 

17 

11 

3 

2 

1 

100,000 

1,071 

270 

68 

31 

17 

11 

3 

2 

1 

Infinite 

1,082 

271 

68 

31 

17 

11 

_ i. 

2 

1 

Table  2 

RANDOM  SAMPLE  SIZES  NECBSSARI  TO  ESTIMATE  MEAN  AND  AGGREGATE  VALUES: 
COHFTICIEBT  OF  VARIATION:  0.5  i  CONFIDENCE  LEVEL:  90.0^ 


Relative  Precision 


Universe 

Size 

0.005 

0.010 

0.020 

0.040 

0.050 

0.100 

1 

0.150 

0.250 

25 

25 

25 

25 

24 

1 

23 

19 

14 

8 

50 

50 

49 

47 

45 

44 

29 

■  19 

9 

100 

100 

99 

95 

89 

81 

74 

4l 

24 

10 

250 

248 

242 

218 

188 

158 

130 

54 

27 

11 

500 

491 

466 

386 

301 

230 

176 

60 

29 

11 

750 

730 

676 

520 

376 

271 

199 

63 

29 

11 

1,000 

965 

872 

629 

430 

296 

213 

64 

30 

11 

2,000 

1,863 

1,544 

917 

547 

349 

239 

66 

30 

11 

3,000 

2,701 

2,079 

1,082 

601 

371 

249 

67 

30 

11 

4,000 

3,485 

2,514 

1,189 

633 

383 

254 

67 

30 

11 

5,000 

4,221 

2,875 

1,264 

654 

390 

257 

67 

30 

11 

10,000 

7,302 

4,035 

1,447 

700 

406 

264 

68 

30 

11 

25,000 

12,994 

5,324 

1,584 

730 

4l6 

268 

68 

31 

11 

50,000 

17,556 

5,958 

1,636 

T4i 

420 

270 

68 

31 

11 

100,000 

21,295 

6,336 

1,663 

746 

421 

270 

68 

31 

11 

Infinite 

26,343 

6,719 

1,689 

751 

423 

271 

68 

31 

u 
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Table  3 

RAHDOI  SANPU  SIZES  HXCESSASY  TO  BSTSUXE  MEAH  AND  AOCRBOATE  VALUES: 
COEFriCIENT  or  VAHIATION:  1.0  ;  CONFIDENCE  UnSL:  90.0^ 


Relative  Precision 


Universe 

Site 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

25 

25 

25 

25 

23 

21 

16 

50 

50 

50 

50 

50 

49 

48 

43 

36 

24 

100 

ICX) 

100 

99 

97 

95 

92 

74 

55 

31 

250 

250 

248 

242 

231 

218 

204 

130 

82 

37 

500 

498 

491 

466 

429 

386 

342 

176 

97 

40 

T50 

745 

730 

676 

601 

520 

443 

199 

104 

4l 

1,000 

991 

965 

872 

751 

629 

520 

213 

108 

42 

2,000 

1,964 

1,863 

1,544 

1,201 

917 

703 

239 

U4 

43 

3,000 

2,920 

2,701 

2,079  i 

1,502 

1,082 

796 

249 

116 

43 

1»,000 

3,858 

3,485 

2,514 

1,717 

1,189 

852 

254 

117 

43 

5,000 

4,780 

4,221 

2,875  1 

1,878 

1,264 

890 

257 

118 

43 

10,000 

9,155 

7,3Ca 

4,035  1 

2,312 

1,447 

977 

264 

119 

44 

25,000 

20,309 

12,994 

5,324 

2,684 

1,584 

1,038 

268 

120 

44 

50,000 

34,200 

17,556 

5,958 

2,836 

1,636 

1,060 

270 

120 

44 

100,000 

21,295 

6,336 

2,919 

1,663 

1,071 

270 

121 

44 

Inflid.te 

26,3^3  ■ 

imtsfm 

1.082 

-  -  M__ 

Tabled* 

RANDOM  SAKFIE  SIZES  NBCESSARI  TO  ESTIMATE  MEAN  AND  AGORBOATB  VALUES: 
COSTICIENT  OF  VAR1ATI(»I:  2.$  }  CONFIDENCE  LEVEL:  90.0^ 


Relative  Precision 


Universe 

Site 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

25 

25 

25 

25 

25 

25 

23 

50 

50 

50 

50 

50 

50 

50 

49 

49 

43  • 

100 

100 

100 

100 

100 

100 

99 

95 

89 

74 

250 

250 

250 

249 

247 

245 

242 

218 

188 

130 

500 

500 

499 

495 

488 

478 

466 

386 

301 

176 

750 

750 

747 

737 

722 

701 

676 

520 

376 

199 

1,000 

999 

995 

977 

950 

914 

872 

629 

430 

213 

2,000 

1,995 

1,977 

1,910 

1,808 

1,682 

1,544 

917 

547 

239 

3,000 

2,987 

2,948 

2,802 

2,587 

2,337 

2,079 

1,082 

601 

249 

4,000 

3,977 

3,908 

3,655 

3,298 

2,902 

2,514 

1,189 

633 

254 

5,000 

4,964 

4,857 

4,472 

3,950 

3,395 

2,875 

1,264 

654 

257 

10,000 

9,855 

9,442 

8,088 

6,527 

5,139 

4,035 

1,447 

700 

264 

25,000 

24,109 

21,780 

15,710 

10,727 

7,429 

5,324 

1,584 

730 

268 

50,000 

46,559 

38,590 

22,907 

13,657 

8,725 

5,958 

1,636 

741 

270 

100,000 

87,120 

62,839 

29,714 

15,817 

9,559 

6,336 

1,663 

746 

270 

Iitflnlte 

403,480 

144,639. 

40,560 

18,443 

10,459 

6,719 

1,689 

751 

271 

-19- 
Tabla  5 


RUnXM  SAMPIf  SIZES  HICSSSAKI  TO  BSIIKATE  KBAE  ADD  AOCRBOATB  VAUIESt 
coKFTiciKirr  or  variation!  o.i  ;  conriDBtcE  ievel:  95.051 


Relative  Preelelon 


Unlveree 

Site 

0.005 

0.010 

0.020 

0.030 

o.o4o 

0.050 

0.100 

0.150 

0.250 

25 

25 

24 

20 

16 

13 

10 

4 

2 

1 

50 

49 

45 

33 

24 

■  12 

4 

2 

1 

100 

94- 

80 

49 

30 

20 

14 

4 

2 

1 

250 

216 

152 

70 

37 

22 

15 

4 

2 

1 

500 

378 

218 

81 

40 

23 

15 

4 

2 

1 

750 

504 

255 

86 

41 

24 

16 

4 

2 

1 

1,000 

606 

278 

88 

4l 

24 

16 

4 

2 

1 

2,000 

869 

323 

92 

42 

24 

16 

4 

2 

1 

3,000 

1,017 

341 

94 

43 

24 

16 

4 

2 

1 

4,000 

1,111 

351 

94 

43 

24 

16 

4 

2 

1 

5,000 

1,176 

357 

95 

43 

24 

16 

4 

2 

1 

10,000 

1,332 

370 

96 

43 

24 

16 

4 

2 

1 

25,000 

1,448 

379 

96 

43 

24 

16 

4 

2 

1 

50,000 

1,491 

382 

96 

43 

24 

16 

4 

2 

1 

100,000 

1,514 

383 

96 

43 

25 

16 

4 

2 

1 

Infinite 

1.535 

384 

97 

43 

25 

16 

4 

2 

1 

Table  6 

RANDOM  SAMPIE  SIZES  NECESSARY  TO  ESTIMATE  MEAN  AND  AGORBOATE  VALUES: 
COEFFICIEHT  OF  VARIATIOT:  0.5  ;  COHFIDEHCE  LEVEL:  95.0!t 


Relative  Frecltlon 


Unlveree 

Size 

0.005 

0.010 

r  ■  ‘ 

0.020 

0.030 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

25 

25 

25 

24 

20 

16 

10 

50 

50 

50 

49 

48 

47 

45 

33 

24 

12 

100 

100 

99 

97 

92 

121 

80 

49 

30 

14 

250 

249 

244 

227 

203 

177 

152 

70 

37 

15 

500 

494 

476 

4l4 

341 

273 

218 

81 

40 

15 

750 

736 

696 

572 

441 

334 

255 

86 

41 

16 

1,000 

975 

906 

706 

517 

376 

278 

88 

4l 

16 

2,000 

1,902 

1,656 

1,092 

696 

462 

323 

92 

42 

16 

3,000 

2,783 

2,286 

1,334 

786 

501 

341 

94 

43 

16 

4,000 

3,623 

2,824 

1,501 

843 

522 

351 

94 

43 

16 

5,000 

4,425 

3,289 

1,623 

880 

536 

357 

95 

43 

16 

10,000 

7,935 

4,899 

1,937 

965 

567 

370 

96 

43 

16 

25,000 

15,145 

6,939 

2,191 

1,024 

587 

379 

96 

43 

16 

50,000 

8,057 

2,291 

1,045 

594 

382 

96 

43 

16 

100,000 

27,754 

8,763 

2,345 

1,056 

597 

383 

96 

43 

16 

Infinite 

36,994 

9,513 

2,396 

1,066 

600 

384 

97 

43 

16 
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Table  7 

nunXM  SAMPLE  SIZES  HECESSARY  TO  ESTIMATE  MEAN  AND  AOGREOATE  VALUES: 
COEFFICIEirr  OF  VARIATION:  1.0  ;  C0N7IDEHCE  UVEL;  95.0^ 


Relative  Precision 


Universe 

Size 

0.010 

0.020 

0.030 

1 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

1 

25 

25 

25 

MU 

25 

18 

50 

50 

50 

50 

50 

49 

28 

100 

100 

100 

99 

98 

97 

94 

64 

39 

250 

250 

249 

244 

237 

227 

216 

152 

102 

50 

500 

499 

494 

476 

448 

4l4 

378 

218 

128 

55 

750 

747 

736 

696 

638 

572 

504 

255 

140 

57 

1,000 

994 

975 

906 

811 

706 

606 

278 

146 

58 

2,000 

1,975 

1,902 

1,656 

1,362 

1,092 

869 

323 

158 

60 

3,000 

2,943 

2,783 

2,286 

'  1,762 

1,334 

1,017 

341 

162 

61 

4,000 

3,899 

3,623 

2,824 

2,065 

1,501 

1,111 

351 

164 

61 

5,000 

4,843 

4,425 

3,289 

2,303 

1,623 

1,176 

357 

166 

61 

10,000 

9,389 

7,935 

4,899 

2,992 

1,937 

1,332 

370 

168 

• 

62 

25,000 

21,502 

15,145 

6,939 

3,646 

2,191 

I  1,448 

380 

170 

62 

50,000 

37,725 

21,725 

8,057 

3,933 

2,291 

1,491 

382 

171 

62 

100,000 

60,577 

27,754 

8,763 

4,094 

2,345 

1,514 

383 

171 

62 

Infinite 

36.994 

2.396 

62 

Table  8 

RANDOM  SAMPLE  SIZES  NECESSARY  TO  ESTIMATE  MEAN  AND  AGGREGATE  VAIUES: 
COEFFICIENT  OF  VARIATICNt:  2.$  ;  CONFIDENCE  LEVEL:  9S0^ 


Relative  Precision 


Universe 

Size 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

25 

25 

Bi 

25 

25 

25 

24 

50 

50 

50 

50 

50 

50 

49 

48 

45 

100 

100 

100 

100 

100 

100 

99 

97 

92 

80 

250 

250 

250 

249 

248 

246 

244 

227 

203 

CM 

500 

500 

499 

496 

491 

484 

476 

414 

341 

218 

750 

750 

748 

741 

730 

715 

696 

572 

441 

255 

1,000 

999 

996 

984 

964 

938 

906 

706 

517 

278 

2,000 

1,996 

1,964 

1,936 

1,861 

1,765 

1,656 

1,092 

696 

323 

3,000 

2,991 

2,963 

2,858 

2,697 

2,501 

2,286 

1,334 

788 

341 

4,000 

3,984 

3,935 

3,751 

3,479 

3,159 

2,824 

1,501 

843 

351 

5,000 

4,975 

4,898 

4,616 

4,211 

3,751 

3,289 

1,623 

880 

357 

10,000 

9,897 

9,601 

8,572 

4,274 

6,001 

4,899 

1,937 

965 

370 

25,000 

24,366 

22,643 

17,650 

12,906 

9,378 

6,939 

2,191 

1,024 

379 

50,000 

47,526 

41,383 

27,278 

17,396 

U,542 

8,057 

2,291 

1,045 

382 

100,000 

90,570 

70,597 

37,509 

21,059 

13,048 

8,763 

2,345 

1,056 

383 

Infinite 

bittiil 

mm 

14,784 

9,513 

2,396 

1,066 

384 

Table  9 


MUOOt  SAMPLE  SIZES  MKISSAinr  TO  BSISUTE  MEAK  AMD  AaGRBQATI  VALUIS! 

comiciBrr  or  variation:  o.i :  cokfiberce  uvxl:  99.0^^ 


Relative  Fraclalon 


Universe 

Site 

0.005 

0.010 

0.020 

0.040 

IS9 

0.100 

R9 

0.250 

25 

25 

25 

22 

19 

16 

13 

6 

3 

2 

50 

50 

47 

39 

30 

23 

18 

6 

3 

2 

.  100 

97 

87 

63 

43 

30 

21 

7 

3 

2 

250 

229 

182 

100 

57 

36 

24 

7 

3 

2 

500 

421 

286 

125 

65 

39 

26 

7 

3 

2 

750 

585 

353 

136 

68 

40 

26 

7 

3 

2 

1,000 

T27 

399 

143 

69 

40 

26 

7 

3 

2 

2,000 

1,14.1 

499 

154 

72 

4l 

27 

7 

3 

2 

3,000 

1,409 

544 

158 

72 

41 

27 

7 

3 

2 

4,000 

1.596 

570 

160 

73 

42 

27 

7 

3 

2  ■ 

5,000 

1,734 

586 

161 

73 

42 

27 

7 

3 

2 

10,000 

2,098 

623 

164 

74 

42 

27 

7 

3 

2 

25,000 

2,400 

647 

165 

74 

42 

27 

7 

3 

2 

50,000 

2,521 

655 

166 

74 

42 

27 

7 

3 

2 

100,000 

2,586 

660 

166 

74 

42 

27 

7 

3 

2 

Infinite 

2,647 

664 

165 

74 

42 

27 

7 

_ i_ 

2 

Table  10 


RAKEKM  SAMPIE  SIZES  NBCSSSARI  TO  ESTIMATE  MBAM  AMD  AGORBOATE  VALUES: 
COEFFICIEirr  OF  VARIATI(»:  0.$  ;  C0NF1DI»CE  LEVEL:  99.0^ 


Relative  Precision 


Universe 

Size 

0.005 

0.010 

0.020 

0.040 

0.050 

0.100 

0.150  ■ 

0.250 

25 

25 

25 

25 

25 

25 

25  ‘ 

B 

- 1 

19 

13 

50 

50 

50 

50 

49 

48 

47 

30 

18 

100 

100 

100 

98 

95 

92 

87 

43 

21 

250 

250 

247 

236 

221 

202 

182 

100 

57 

25 

500 

499 

486 

447 

394 

338 

286 

125 

65 

26 

750 

742 

718 

636 

534 

436 

353 

136 

68 

26 

1,000 

986 

944 

806 

649 

510 

399 

143 

69 

26 

2,000 

1,942 

1,785 

1,350 

960 

683 

499 

154 

T2 

27 

3,000 

2,871 

2,541 

1,741 

1,142 

771 

544 

158 

72 

27 

4,000 

3,773 

3,223 

2,037 

1,262 

824 

570 

160 

73 

27 

5,000 

4,650 

3,842 

2,267 

1,347 

859 

586 

161 

73 

27 

10,000 

8,691 

6,239 

2,932 

1,557 

940 

623 

164 

74 

27 

25,000 

18,159 

9,972 

3,557 

1,717 

996 

647 

165 

74 

27 

50,000 

28,513 

12,456 

3,830 

1,778 

1,016 

655 

166 

74 

27 

100,000 

39,886 

14,228 

3,962 

1,810 

1,087 

660 

166 

74 

27 

Infinite 

62,221 

16,317 

4,130 

1,840 

1,036 

664 

166 

74 

27 

-22- 


11 

BAHDOi  SAMPU  SIZES  HICESSABy  TO  K3T9IAT6  MEAH  AHD  /jOGRBOATE  VALUES; 
COSFPZCTSHT  OF  VUOATIONtl.O  ;  COHFZDENCE  lEVKL:  99.0^ 


Relative  Precision 


Universe 

Sice 

0.005 

0.010 

0.020 

0.030 

O.Oto 

0.050 

0.100 

0.150 

0.250 

25 

25 

.  25 

25 

25 

25 

25 

25 

24 

21 

50 

50 

50 

50 

50 

50 

50 

47 

43 

34 

100 

100 

100 

100 

99 

98 

97 

87 

75 

52 

250 

250 

250 

247 

242 

236 

229 

182 

136 

75 

500 

500 

497 

486 

469 

447 

421 

286 

186 

88 

T50 

fua 

742 

718 

681 

636 

585 

353 

212 

93 

1,000 

997 

986 

944 

881 

806 

727 

399 

228 

96 

2,000 

1,986 

1,942 

1,785 

1,574 

1,350 

l,l4l 

499 

25(7 

101 

3,000 

2,967 

2,871 

2,541 

2,123 

1,741 

1,409 

544 

269 

103 

4,000 

3,941 

3,773 

3,223 

2,594 

2,037 

1,596 

570 

275 

104 

5,000 

4,908 

4,650 

3,842 

2,980 

2,267 

1,734 

586 

279 

104 

ibiooo 

9,637 

8,691 

6,239 

4,244 

2,932 

2,098 

623 

287 

106 

25,000 

22,848 

18,159 

9,972 

5,694 

3,557 

647 

292 

106 

50^000 

42,074 

28,513 

12,456 

6,425 

3,830 

2,521 

655 

294 

106 

ibojooo 

72,633 

39,886 

14,228 

6,866 

3.982 

2,586 

660 

295 

107 

Infinite 

209,73‘^ 

62,221 

16,317 

7,319 

4,130 

2,647 

664 

295 

107 

Table  12 

RAHIXM  SAMPU  SIZES  NECESSARY  TO  ESTIMATE  MEAN  AND  AGOREOATE  VALUES; 
COEmCIENT  OF  VARIATICW;  2.9  ;  CONFIDENCE  LEVEL;  99.0j6 


Relative  Precision 


Universe 

Sice 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.150 

0.250 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

50 

50 

50 

50 

50 

50 

50 

50 

49 

47 

100 

100 

100 

100 

100 

ICS 

100 

96 

73 

87 

250 

250 

250 

250 

249 

248 

24t 

236 

221 

182 

500 

500 

500 

496 

495 

491 

488 

447 

394 

286 

750 

750 

749 

745 

738 

729 

718 

636 

534 

353 

1,000 

1,000 

998 

991 

979 

963 

944 

806 

649 

399 

2,000 

1,998 

1,991 

1,963 

1,917 

1,857 

1,785 

1,350 

960 

499 

3,000 

2,995 

2,979 

2,916 

2,817 

2,689 

2,541 

1,741 

1,142 

544 

4,000 

3,991 

3,962 

3,852 

3,681 

3,466 

3,223 

2,037 

1,262 

570 

5,000 

4,995 

4,941 

4,770 

4,511 

4,192 

3,842 

2,267 

1,347 

586 

10,000 

9,941 

9,765 

9,121 

8,217 

7,216 

6,239 

2,932 

1,557 

623 

25,000 

24,629 

23,579 

20,143 

16,207 

12,726 

9,972 

3,557 

1,717 

647 

50,000 

48,537 

44,620 

33,732 

23,979 

17,070 

12,456 

3,830 

1,778 

655 

100,000 

94,315 

80,571 

50,902 

31,543 

20,583 

14,228 

3,982 

1,810 

660 

Infinite 

623,881 

293,126 

93,5-j 

44,047, 

25,263 

16,317 

4,130 

1,840 

664 

-23- 


Table  13 

nVinXM  SAMPLE  SIZES  NECESSARY  TO  ESTIMATE  MEAN  AND  AGGRBQATE  VALUES: 
COEFFICIEKT  OF  VARIATION:  0 . 1  ;  CONPIDOfCE  lEVBL:  99 


Relative  Precision 


Universe! 

Size 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

23 

21 

19 

8 

5 

2' 

50 

50 

48 

43 

36 

29 

9 

5 

2 

100 

98 

92 

74 

55 

4i 

10 

5 

2 

250 

237 

204 

130 

82 

54 

37 

11 

5 

2 

500 

449 

343 

176 

97 

60 

40 

U 

5 

2 

750 

640 

444 

199 

104 

63 

4l 

11 

5 

2 

1,000 

813 

520 

214 

108 

64 

42 

11 

5 

2 

2,000 

1,367 

703 

239 

ll4 

66 

43 

U 

5 

2 

3,000 

1,773 

796 

249 

116 

67 

43 

11 

5 

2 

4,000 

2,080 

853 

254 

117 

67 

43 

11 

5 

2 

5,000 

2,321 

891 

257 

118 

67 

43 

11 

5 

2 

10,000 

3,023 

977 

264 

119 

68 

44 

11 

5 

2 

25,000 

3,692 

1,038 

268 

120 

68 

44 

11 

5 

2 

50,000 

3,986 

1,060 

270 

121 

68 

44 

11 

5 

2 

100,000 

4,152 

1,072 

270 

121 

68 

44 

11 

5 

2 

Infinite 

4,313 

1,082 

271 

L_J21_ 

68 

44 

11 

5 

2 

Table  14 

RANDCM  SAMPLE  SIZES  NECESSARY  TO  ESTIMATE  MEAN  AND  AGGRBOATE  VALUES: 
COEFTICIBHT  OF  VARIATICW:  0-5  ;  CONFIDEMCE  LEVEL:  99-9^ 


Relative  Precision 


Universe 

Size 

0.005 

0.010 

0.020 

0.040 

0.100 

25 

25 

25 

25 

25 

25 

25 

23 

21 

16 

50 

50 

50 

50 

50 

49 

48 

43 

36 

24 

100 

100 

100 

99 

97 

95 

92 

74 

55 

31 

250 

250 

248 

242 

231 

218 

204 

130 

82 

37 

500 

498 

491 

466 

429 

386 

343 

176 

97 

4o 

750 

745 

130 

676 

601 

520 

444 

199 

104 

4i 

1,000 

991 

965 

872 

751 

629 

520 

214 

108 

42 

2,000 

1,964 

1,863 

1,544 

1,202 

917 

703 

239 

114 

43 

3,000 

2,920 

2,701 

2,079 

1,502 

1,082 

796 

249 

116 

43 

4,000 

3,858 

3,486 

2,515 

1,717 

1,189 

853 

254 

117 

43 

5,000 

4,780 

4,221 

2,876 

1,878 

1,265 

891 

257 

118 

43 

16,000 

9,155 

7,303 

4,036 

2,313 

1,448 

977 

264 

119 

4U 

25,000 

20,311 

12,997 

5,326 

2,685 

1,585 

1,038 

268 

120 

44 

50,000 

34,205 

17,562 

5,961 

2,838 

1,637 

1,060 

270 

121 

44 

100,000 

21,303 

6,339 

2,920 

1,664 

1,072 

270 

121 

44 

Iitfinite 

26,356 

6,722 

2,999 

1,689 

1,082 

271 

121 

44 

-24- 


T«ble  15 

RMOXM  SAIffLB  SIZIS  RKBSm  TO  BaTlMATE  MEMI  AHD  AOORBCMTE  WLUES: 

cOErriciDtr  or  vmoatioh:  i.o  :  cokfidihce  uvel:  99.9^ 


Relative  Precision 


Universe 

Site 

0.005 

0.010 

0.020 

0.030 

o.o4o 

0.050 

0.100 

0.150 

0.250 

25 

25 

25 

25 

25 

25 

25 

25 

24 

22 

50 

50 

50 

50 

50 

50 

50 

48 

46 

39 

100 

100 

100 

100 

100 

99 

98 

92 

83 

64 

250 

250 

250 

248 

245 

242 

237 

235 

165 

103 

500 

500 

498 

491 

481 

466 

449 

343 

246 

129 

750 

749 

745 

730 

706 

676 

640 

444 

294 

l4l 

1,000 

998 

991 

965 

924 

872 

813 

520 

325 

148 

2,000 

1,991 

1,964 

1,863 

1,715 

1,544 

1,369 

703 

388 

160 

3,000 

2,980 

2,920 

2,701 

2,402 

2,079 

1,773 

796 

415 

164 

4,000 

3,964 

3,858 

3,486 

3,002 

2,515 

2,080 

853 

430 

167 

5,000 

4,943 

4,780 

4,221 

3,533 

2,876 

2,321 

891 

439 

168 

10,000 

9,775 

9,155 

7,303 

5,461 

4,036 

3,023 

9TT 

460 

171 

25,000 

23,636 

20, 3U 

12,997 

8,123 

5,326 

3,692 

1,038 

473 

173 

50,000 

44,826 

34,205 

17,562 

9,698 

5,961 

3,986 

1,060 

477 

173 

100,000 

81,242 

51,987 

21,303 

10,739 

6,339 

4,152 

1,072 

479 

173 

Infinite 

302,214 

97,698 

26,356 

11,888 

6.722 

1 

1.082 

481 

174 

Table  16 

RAIOXM  SAMPU  SIZES  RBCESSARI  TO  ESTIMATE  MEAN  AND  AGGRBQATB  VALUES: 
COEPFICIENT  OF  VARIATION;  2.9  ;  CONPIDEIiCE  LEVEL:  99.9^ 


Relative  Precision 


Universe 

Size 

0.005 

0.010 

0.020 

0.030 

0.040 

0.050 

0.100 

0-250 _ 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

50 

50 

50 

50 

50 

50 

50 

50 

50 

48 

100 

100 

100 

100 

100 

100 

100 

99 

•  97 

92 

250 

250 

250 

250 

250 

249 

248 

242 

231 

235 

500 

500 

500 

499 

497 

495 

491 

466 

429 

343 

750 

750 

750 

747 

743 

737 

730 

676 

601 

444 

1,000 

1,000 

999 

995 

967 

977 

965 

872 

751 

520 

2,000 

1,999 

1,995 

1,977 

1,949 

1,910 

1,863 

1,544 

1,202 

703 

3,000 

2,997 

2,987 

2,948 

2,885 

2,701 

2,079 

1,502 

796 

4,000 

3,995 

3,977 

3,908 

3.798 

3,655 

3,486 

2,515 

1,717 

853 

5,000 

4,991 

4,964 

4,857 

4,689 

4,492 

4,221 

2,876 

1,878 

691 

10,000 

9,964 

9,855 

9,442 

8,828 

8,088 

7,303 

4,036 

2,313 

977 

25,000 

24,772 

24,110 

21,782 

18,762 

15,713 

12,997 

5,326 

2,685 

1,038 

50,000 

49,094 

46,560 

38,594 

30,031 

22,913 

17,562 

5,961 

2.838 

1,060 

100,000 

96,438 

87,126 

62,851 

42,920 

29,724 

21,303 

6,339 

2,920 

1,072 

Infinite 

730,237 

403,601 

144,701 

69,934 

40,579 

26,356 

6,722 

2,999 

1,062 

